Objectives: The purpose of this study is to update and expand a 1988 North Carolina evaluation of prenatal WIC participation, while addressing some potential methodological issues in the earlier study.
Introduction
The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) is funded by the United States Department of Agriculture and provides supplemental food and nutrition education to low-income pregnant, postpartum, or lactating women and infants and young children who are nutritionally at risk. The WIC program also encourages the use of appropriate health care. Several previous studies have found that prenatal WIC participation is associated with improved birth outcomes and reduced infant medical costs. 1, 2, 3, 4 One of these studies was done in North Carolina using data on 1988 live births to women on Medicaid. 1 The purpose of the present study is to replicate and expand the 1988 North Carolina results for the 1997 birth year, while addressing some potential methodological issues in the earlier study.
Methods
Medicaid paid claims for newborn hospitalizations were matched to 1997 live birth certificates to identify the population of Medicaid births. The Medicaid ID numbers of these newborns were used to retrieve their medical claims paid by Medicaid during the first 60 days of life. Costs for services beginning in the first 60 days of life were summarized for each Medicaid birth. WIC prenatal records were linked to the 1997 birth certificates to identify the women on Medicaid who participated in WIC before delivery. Using the WIC ID numbers for these women, we linked to the WIC food redemption files to determine the date of the first redemption and the cost of food vouchers redeemed during the pregnancy. The total WIC prenatal program cost was calculated as the value of the food vouchers redeemed plus nutrition services and administrative costs of $9.50 per participant per month.
Within the Medicaid births, women participating in WIC were compared to women not participating in WIC. The results are stratified for white and minority births, since race is a strong risk factor for low birth weight. Approximately 90 percent of minority births in North Carolina are to African Americans. During 1997, the income eligibility level for pregnant women and their infants for both Medicaid and WIC in North Carolina was 185 percent of the federal poverty level. Births with no prenatal care were excluded, as in the 1988 study, since nearly all would fall in the non-WIC group, resulting in poorer birth outcomes in this comparison group. Multiple births (less than three percent of all births) were excluded from this study due to their very high rate of low birth weight, which could skew the results. Births resulting in an infant death are included, unless excluded because of no prenatal care or multiple birth. Simple comparisons of low birth weight (< 2,500 grams) and very low birth weight (< 1,500 grams) were supplemented by regression analyses, to determine the effect of prenatal WIC participation on birth weight while controlling for other risk factors.
The difference in average Medicaid newborn costs between babies of prenatal WIC participants and WIC non-participants was compared to the average prenatal WIC program cost, to estimate any cost savings. The difference in average Medicaid costs between the WIC and non-WIC groups was also estimated using regression analysis, which controlled for other measurable factors that might impact Medicaid costs.
Comparisons are made to the 1988 study with WIC participation defined as one or more WIC encounters during the prenatal period. The earlier study recognized that if a woman does not enter WIC until very late in pregnancy, there is a high probability she will have a normal birth weight baby just due to the length of gestation, yet she is counted in the WIC group. The 1988 study attempted to control for this bias by counting women who started WIC after 36 weeks gestation in the non-WIC group. This approach did not alter the results substantially. In the present study we added analyses to address this issue, adopting a more stringent criterion where women who started WIC at 33 or more weeks of gestation were counted in the non-WIC group. Leaving these moderately preterm births (33 to 36 weeks) in the WIC group might favor a positive finding for prenatal WIC participation, since some of these births could have relatively high birth weights.
Another potentially serious problem in evaluations of prenatal services is the preterm delivery bias. Women who have a very early delivery may never have a chance to enroll in WIC. One study 5 used "cohort analyses" to address this problem and we have adopted that approach here. Three cohorts were defined (29, 33, and 37 weeks gestation) and the logistic regression analyses for low birth weight and very low birth weight were repeated with all births occurring before the specified week of gestation excluded from the analysis. This approach measures the effect of prenatal WIC participation on birth weight only for those pregnancies with a gestational age greater than or equal to the cutoff point.
Finally, to address possible gestational age bias, we repeated some of the regression analyses using weeks of gestation as a control variable in the model. This approach will estimate the effect of WIC on birth weight, controlling for gestational age. That is, estimated coefficients can be interpreted as the effect of prenatal WIC participation on birth weight at a given gestation. Table 1 shows that, among 1997 Medicaid births in North Carolina, women who participated in WIC during the prenatal period had significantly lower rates of low and very low birth weight than women who did not participate in WIC. The women who participated in WIC were more likely than those who did not participate to be unmarried, of low education, and under age 18. Also, the WIC group was substantially more likely to have a quantitatively adequate level of prenatal care and to have received Medicaid case management services during pregnancy. The logistic regression analyses in Table 2 confirm the findings from Table 1 of lower rates of low and very low birth weight among the WIC births. Women who did not participate in WIC have an odds of low birth weight 1.36 times that of the women who did participate in WIC, controlling for other risk factors for low birth weight. The adjusted odds ratio for very low birth weight for the WIC non-participants was 1.90. An ordinary least squares regression with grams of birth weight as a continuous dependent variable also showed a statistically significant positive effect for WIC. After controlling for the risk factors shown in Table  2 , WIC non-participation was associated with an average 61 grams lower birth weight (p=.0001). Table 3 suggests that $1.99 was saved in newborn Medicaid costs (for services beginning within 60 days of birth) for every dollar spent by WIC in the prenatal period. These cost savings figures are $1.44 for white births and $4.02 for minority births. Using regression analysis to determine an adjusted cost difference between WIC and non-WIC births produces higher cost savings estimates for white and total Medicaid births ( Table 3 , last column). This change is consistent with the finding that the WIC group is at higher risk for low birth weight on several of the demographic characteristics; adjusting for these characteristics in effect reduces the cost estimates for the WIC group. Tables 4, 5, and 6 repeat these analyses where births with WIC participation beginning at 33 or more weeks of gestation were counted in the non-WIC group. As expected, the differences are reduced. Table 4 shows that women who participated in prenatal WIC by 33 weeks of gestation generally had significantly lower rates of low birth weight and very low birth weight than women who did not participate in WIC or began WIC late in pregnancy. Only the very low birth weight difference for minority births was not statistically significant (p<.05). Again, the WIC group had higher percentages unmarried, with low education, and under age 18. The women who began WIC prior to 33 weeks gestation were considerably more likely than the comparison group to have quantitatively adequate prenatal care and receive Medicaid prenatal case management services. The logistic regression analyses in Table 5 indicate that late or no participation in WIC is associated with higher rates of low and very low birth weight, when other risk factors are statistically controlled. These odds ratios are statistically significant. Table 6 , where WIC is defined as participation by 33 weeks of gestation, shows lower newborn cost savings associated with WIC, compared with Table  3 . The average WIC program costs are somewhat higher than those shown in Table 3 , since births where WIC began late in pregnancy are no longer included in the WIC group. WIC participation is still associated with lower Medicaid newborn costs, but, overall, the apparent savings are not more than the amount expended by WIC. For total births, the results in Table 6 suggest that $0.56 was saved in newborn Medicaid costs for every dollar spent by the WIC program for prenatal services. For minority births, however, these results show a savings in expenditures for newborn medical care of $1.26 for every dollar spent by WIC for prenatal services. Using the adjusted cost difference between early WIC and all other births (from regression analysis), the Medicaid savings associated with WIC participation are estimated at approximately one dollar for every dollar spent on WIC prenatal services (Table  6 , last column). Table 7 presents the adjusted odds ratios for WIC non-participation for each of the three gestational age cohorts. Among births that reached 29 or 33 weeks gestation, the odds of low birth weight and very low birth weight are significantly higher for WIC non-participants compared to WIC participants. In the 37-week cohort, neither of the odds ratios are statistically significant. However, there were only 28 very low birth weight births in this cohort, compared to 742 in the full regression models in Tables 2 and 5 .
Results
The logistic regression analyses in Table 2 were repeated, adding weeks of gestation as a control variable in the models. For both low birth weight and very low birth weight, the odds ratios for WIC non-participation were no longer statistically significant. This suggests that gestational age bias may be an important issue. Alternatively, it may be that most of the effect of prenatal WIC participation in increasing birth weight is through lengthening gestation. However, an ordinary least squares regression with grams of birth weight as a continuous dependent variable did show a statistically significant positive effect for WIC. After controlling for weeks of gestation and also the other risk factors shown in Table 2 , WIC non-participation was associated with an average 17 grams lower birth weight (p=.006). This suggests that there is some effect of prenatal WIC participation in increasing birth weight at each week of gestation. These results are consistent with those of the National WIC Evaluation, which found that prenatal WIC participation was associated with increased birth weight and a longer duration of gestation. 
Discussion
In the absence of a randomized study, it is difficult to measure precisely the improvements in birth outcomes and savings in newborn Medicaid expenditures associated with prenatal WIC participation. In the regression analyses we controlled for measurable differences between the WIC and non-WIC groups, but selection bias may still result in unmeasured differences between the two groups that operate in favor of WIC. We tried several methods to adjust for possible biases associated with gestational age, and these results generally confirmed the positive effects of WIC found in the initial analyses.
The inclusion of infant deaths may affect the cost estimates. Approximately half of infant deaths occur in the first day of life. Since the non-WIC group has a higher rate of low birth weight, and low birth weight babies are much more likely to die as infants, the newborn costs for the non-WIC group may be reduced. A comparison of costs only among surviving infants might show a larger cost difference in favor of the prenatal WIC participants.
This study considered cost savings only in the first 60 days of life. Payments for services beginning in the first 60 days of life were counted, so all of the costs of a lengthy newborn hospitalization would be included. However, a study by the General Accounting Office 7 estimates that approximately 60 percent of the total excess costs of low birth weight up to age 18 result from the initial hospitalization. Other significant costs associated with low birth weight are rehospitalization and other medical costs after 60 days of age, long-term disability costs, and special education costs. These additional costs are not measured in the present study, and so the cost savings of WIC shown here likely underestimate the total cost savings over a longer period of time.
The earlier evaluation of prenatal WIC participation in North Carolina was for 1988, a time when the income level for Medicaid eligibility for pregnant women was 100 percent of the federal poverty level. In 1997, the year of this study, pregnant women were eligible for Medicaid at 185 percent of the federal poverty level. As a result, the number of live births to women enrolled in Medicaid nearly doubled to more than 43,000 in the present study. There is some evidence that prenatal WIC is more effective at the lowest income levels. 7 The estimated WIC effects in Tables 1-3 (before adjustments for preterm delivery and late entry into the WIC) were somewhat less than the comparable effects from the 1988 study. The higher average income level of the women in the present study could contribute to this difference.
Overall, the results here suggest that prenatal participation in WIC among women enrolled in Medicaid is associated with reduced rates of low and very low birth weight, and with lower infant Medicaid costs. Cost savings were higher for births to minority women compared to white women. Although the methodological difficulties have not been completely resolved, the positive findings for WIC from the 1988 study are generally confirmed in this study. In addition to having better birth outcomes and lower infant costs, the women who participated in WIC were more likely than those who did not participate to have a quantitatively adequate level of prenatal care and to have received Medicaid case management services during pregnancy.
The question has been raised whether cost savings is the most appropriate criterion by which to judge prenatal care programs. 8 It is sometimes assumed that in order for these programs to be valuable, they should save more than they cost. Improved health of mothers and babies is a valuable benefit in itself and society should be willing to commit resources toward this goal.
